Abstract: Heterogeneity in the landscapes of West Usambara Mountains on land use and human activities has been reported. However, the interface of land use patterns and human modified soils with small mammal and flea abundance for possible explanation of plague has not been explored. This study was carried out to determine the link between anthropogenic soils and land use patterns on small mammal and flea abundance and the occurrence of reported plague in the Western Usambara Mountains in Tanzania. Standard soil survey methods were used to identify and describe soils and land use patterns on lower slopes and valley bottoms on which the surrounding villages are reported to have high and medium plague frequencies. The identified soils were characterised in terms of their morphological and physico-chemical properties and classified according to FAO-World Reference Base for Soil Resources. Small mammals were trapped on the same landscape positions and identified to genus/species level. Fleas were removed from the trapped small mammals, counted and identified to species level. In total 57 small mammals were captured from which 32 fleas were collected. Results show that human settlements and mixed cultivation on lower slopes and continuous vegetable cropping in the valley bottoms are dominant land use types. Intensive use of forest soils, manuring and irrigation on farms in the studied landscapes have contributed to the development of uniquely human modified soils namely Hortic Anthrosols in the lower slopes and Plaggic Irragric Hortic Anthrosols in valley bottoms. The identified anthropogenic soils and land use patterns are associated with high abundance of small mammals (Mastomys natalensis) and flea species (Xenopsylla brasiliensis and Dinopsyllus lypusus). This phenomenon is vividly apparent in the villages with medium to high plague frequencies. The study suggests that plague surveillance programmes should consider the existing relationship between anthropogenic soils, land use patterns, small mammal and flea abundance. _____________________________________________________________________________________
Introduction
Anthropogenic soils are surface soil layers (horizons) found wherever people have practised agriculture for a long time. According to the World Reference Base for Soil Resources, such soil layers include black or brown human-induced mineral surface soils that have been produced by long-continued manuring (Plaggic); mineral surface soils that have developed through addition of earthy manures, compost, beach sands or mud over a long period of time (Terric); deep cultivation, intensive fertilization and/or long continued application of human and animal wastes and other organic residues (e.g. manures, kitchen refuse, compost and night soil) (Hortic). Others include soil surface layers associated with wet cultivation and which occur below the puddle layer and the plough pan (Hydragric); continuous application of irrigation water with substantial amounts of sediments (Irragric); soil surface layer that comprises a puddled layer and a plough pan (Anthraquic) and a moderately thick, dark coloured soil surface layer associated with old arable lands that have been cultivated for centuries including ploughing, liming and fertilization (Anthric) (WRB, 2006) .
Studies show that most of the Anthrosols with plaggic horizons are most common in Northwest Europe and together with Anthrosols having a terric horizon they cover more than 500,000 ha (WRB, 2006; Meuser, 2010) . Anthrosols with irragric horizons are found in dry regions with intensive irrigation such as in desert regions and in parts of India (Bor, 2010) . Anthraquic horizon is common in China and in parts of South and Southeast Asia including (Kwan-Cheol et al., 2011) . Anthrosols with hortic horizons are found all over the world where humans have fertilized the soil with household wastes and manure and are most common in the Amazon Region of Brazil (Glaser et al., 2001; Glaser, 2007) ). It is apparent that most of these soils have been studied in Europe, Asia and South America. Very little is known about such soils in Africa which has a very long history of cultivation practices in the spectacular landscapes including mountains with different history of origin, plateaus, plains and valley bottoms.
In the Usambara Mountains, long history of vegetable cultivation in the valley bottoms, and soil erosion control practices, (bench terraces, miraba) have been practiced by farmers for over 300 years (Msita et al., 2011) . Miraba is an indigenous land management practice with grass strips surrounding crop fields in a rectangular shape in the West Usambara Mountains, Tanzania (Msita et al., 2012) . For many years, application of forest soils mined from the natural forest and forest plantation, manure, irrigation and drainage is common in the Usambara Mountains (Hubeau, 2010) . Interaction of these land uses and human activities in the landscapes reported with plague history has resulted into human modified soils. It can be hypothesised here that agricultural intensification, use of irrigation and organic fertilizers with the associated habitat modification, are likely to affect the opportunities for breeding by hosts and vectors of diseases (Kuo et al., 2012) . However, in the West Usambara Mountains in Tanzania, which are reported with history of plague incidence, studies that link the interface between land use and the human modified soils in the landscape are lacking. Underlying the heterogeneity of the landscape of West Usambara Mountains in terms of land use and human activities, this study therefore attempted to explore the possible interface of land use patterns and human modified soils with small mammal and flea abundance at farm scale and within a geographic scope for possible contribution to the overall landscape-plague ecology.
Materials and methods

Study area
The study was conducted in West Usambara Mountains, Lushoto District in Tanzania, in an area selected between Universal Transverse Mercator (UTM) coordinates 412500 m E and 423000 m E and between 9478500 m N and 9486000 m N Zone 37M (Figure 1 ). The altitude ranges from 1020 to 2050m, and slope angle from 1º to 60º. The area has a bimodal rainfall pattern with mean annual rainfall ranging from 500 to 1000mm. The study area shows large differences in relief dissection and intensity, vegetation and land use patterns, and human activities. Land use is characterised by mixed rainfed farming (on slopes), irrigated agriculture (mainly in the valley bottoms), livestock keeping and off farm activities (Msita et al., 2010) .
Previous research on small mammals (rodents), fleas and plague (Kilonzo et al., 1997; Davis et al., 2006; Kamugisha et al., 2007; Laudisoit et al., 2007 Laudisoit et al., , 2009a Neerinckx et al., 2010) allowed defining the study area into landscape units that reflects a geographical gradient into different levels of plague incidence. These authors concurred in distinguishing high and medium plague incidence zones. Within this gradient two representative landscapes were selected differing in terms of (i) the frequency of plague (ii) diversity in land use and associated human activities and (iii) landform characteristics (relief intensity and landscape position). The selected landscapes are named Gologolo (high plague frequency) and Lukozi (medium plague frequency), after the name of their most important settlement. The Gologolo landscape (high reported plague frequency), is made up of villages where on average plague occurred in >3 years per decade and Lukozi landscape (medium reported plague frequency), is made up of villages where the disease occurred in 2-3 years per decade (Laudisoit et al., 2007) . On the basis of these criteria, two landscape positions namely lower slopes and valley bottoms from each landscape were selected as sample areas for the current study. Sub-villages with records on historical plague incidence around each landscape position were also identified for collecting data on plague frequency. Identification of land use patterns and human modified soils At each landscape position (lower slopes and valley bottoms) various visible indicators of land use were identified and described. The identified land use patterns were described in terms of their characteristic land cover patterns as seen in the field and discriminated by land management practices including type of cover and / or crops, cropping pattern, fertilisation and irrigation. Human activities suggestive to contribute to the development of human modified soils were also established through field observations and information from key informants. Such human activities include collection of forest soils from natural forest, application of farm yard manure, irrigation and terracing.
Likewise, systematic free survey at semi-detailed scale (1:50,000) was carried out on the same landscape positions to establish patterns of soils (Dent & Young, 1981) . Transects were used as sites for soil observation and sampling. Observations were done at an intensity of 8 observations per km 2 following procedures outlined by Dent & Young (1981) . At each observation site, data on soil morphological characteristics and terrain attributes such as elevation and slope gradient were studied. Land use characteristics were also described to supplement earlier descriptions. Soils were described using soil mini-pits to a depth of 50 cm and auguring to 120cm or to limiting layer. Correlation of the soil auger observations with terrain characteristics such as slope gradient and land use enabled soils which are similar in characteristics and in arrangements of soil horizons to be identified. In this way four soil units associated with specific land use patterns and land management practices were identified.
Based on the information obtained from field observations for each identified soil unit, sites for representative soil profile pits were identified. Geographical Positioning System (GPS) was used to determine the geographical locations of the sites. Soil profile pits were dug to a depth of 2m or to a limiting layer. A total of four fully geo-referenced soil profile pits representing the human modified soils (anthropogenic soils) were studied and described according to FAO Guidelines for Soil Description (FAO, 2006) . Soil profile morphological characteristics studied included soil colour, texture, consistence, structure, porosity, effective depth, presence or absence of artefacts, spade marks, buried humus layers, cutans, mottles, concretions and type of primary minerals and rock fragment. Soil colour was determined by Munsell soil colour charts (Munsell Colour Co., 2000) . After the description of the soils, in each soil profile pit, a total of 16 bulk soil samples were taken from designated natural horizon from each georeferenced soil profile pit for physical and chemical analysis in the laboratory.
The collected soil samples were analysed in the laboratory for texture, pH water , exchangeable cation (EC), total nitrogen (TN), organic carbon (OC), cation exchange capacity (CEC), and bases following the handbook by Moberg (2000) . Using field and laboratory data, the soils were classified to Tier 2 of the FAO World Reference Base (WRB, 2006) .
Identification of small mammals and fleas
Trapping of small mammals was done on the lower slopes and valley bottoms of the Gologolo and Lukozi landscapes where the anthropogenic soils were identified. Three sites (two on the lower slopes and one in the valley bottoms) and four sites (two on the lower slopes and one in the valley bottoms) were selected for trapping of small mammals at Gologolo and Lukozi landscapes, respectively. Small mammals were captured using Sherman LFA live traps (7.5 x 9.0 x 23 cm; HB Sherman Traps, Tallahassee, USA) baited with peanut butter and maize flower. A total of 49 Sherman live traps spaced 10m apart were set in a grid per trapping site (quadrant) and per trapping session. Each trapping session lasted for 3 nights. Each trap was inspected every morning and traps with captured animals were replaced by empty traps. Individual small mammals were identified to genus or species level where possible (Eisen et al., 2012) and carefully combed for fleas. Fleas were stored in 70% ethanol in individual vials for each host specimen and transported to the Department of Biology of the University of Antwerp (Belgium) for subsequent identification to species level (Laudisoit et al., 2009a) . In total 57 animals were captured from which 32 fleas were collected.
Data on plague frequency
Plague frequency (PF) data were obtained from literature (Laudisoit et al., 2007) for 13 villages identified within the studied landscapes of Gologolo and Lukozi. The majority of the villages in these landscapes had historical recorded plague frequency of ≥ 0.2 and were considered in this study. According to Laudisoit et al. (2007) plague frequency (PF) < 0.2 is rated as low while > 0.3 is rated as high. In total four and nine sub-villages with PF > 0.2 were identified at Gologolo and Lukozi landscapes, respectively.
Data analysis
The land use information was based on field descriptions and land use classification system following FAO Guidelines for Soil Description (FAO, 2006) . The different locations of the activities were also put together in tables and converted into layers of information. These layers of information were used to establish relationships between small mammal and flea abundance and plague frequency with the identified anthropogenic soils and land use patterns.
Percentage of animals captured was used to establish the abundance of small mammals at each landscape position with the identified anthropogenic soil types and land use patterns. From the collected fleas, flea indices were calculated per landscape position with the identified anthropogenic soil type and a given land sue pattern. Flea index was calculated as the total number of fleas per total number of captured mammals (Laudisoit et al., 2009a) and it was used as a measure of flea abundance.
Ethical considerations
This study received approval from Directorate of Research and Post-Graduate Studies of Sokoine University of Agriculture, Tanzania and Flemish Inter-University Council (VLIR-UOS) of Belgium.
Results
Land use patterns and associated human activities
The land use of the studied landscapes consisted of three main categories: settlements, cultivation and forest plantations. On the lower slopes of the landscapes, the typical land use was rainfed agriculture with Irish potato, beans, maize, cassava, various fruits, banana and assorted trees and maize cultivation and/or mixed agroforestry. Also scattered trees were planted as hedges along crop field borders or as mixed farming (agroforestry). In this landscape most settlements were concentrated on the lower slopes and therefore major human activities were domestic activities around the settlements and continuous farming on lower slopes including terracing.
In the valley bottoms, the dominant land use was irrigated agriculture. Within the valley, small and narrow streams were dug. These streams served two functions namely, drainage of the crop fields during the rainy season and irrigation of the crop fields during the dry season. The irrigation practices were carried out in different ways such as watering each plant individually by means of a bucket or a watering can, or irrigating by using a hose pipe to wet the entire plot. Furrow irrigation was also practiced. In the valleys bottoms the dominant crops grown were mostly vegetables, including cabbage, carrots and tomatoes. The crops were mostly planted as mono-crop but in some places intercropping was done. Intensive, mixed irrigated agriculture dominantly with vegetable cultivation, drainage, and addition of forest soils and manure were common human activities in this landscape position.
Other human activities common in the lower slopes and valley bottoms of Lukozi landscape were indigenous soil and water conservation measures popularly known as miraba (Msita et al., 2010 (Msita et al., , 2013 . Miraba is an indigenous land management practice with grass strips surrounding crop fields. The miraba were located more on lower slopes than in the valley bottoms. The location and size of miraba depended mainly on landform where miraba are located, slope length and field plot size owned by the farmer (Msita, 2013) . During field survey, it was observed that generally bigger size miraba were located in the valley bottoms to control flood wash, and small ones were on the slopes. The soils of the valley bottoms in both landscapes are sand clay loam , very deep, poorly to imperfectly drained with thick black topsoil (>30 cm) and high organic carbon (> 6%). These soils classify as Hortic, Irragric, Plaggic and Hortic Plaggic Irragric Anthrosols (Hypereutric, Epiclayic) . According to ratings by Baize (1993) , the Anthrosols of the valley bottoms of the studied landscapes have high fertility characterised by high base saturation (> 50%), high topsoil available phosphorus (> 10 mgP/kg soil) and high top soil CEC (> 35 cmol(+)/kg soil (Table 3) . 
Small mammals and fleas' abundance with respect to land use patterns and the identified anthropogenic soils
Results show that the abundance of small mammal and flea species is relatively high in the studied landscape positions with specific land use patterns and anthropogenic soils. The species relative abundance shows that Mastomys natalensis and Mus sp. were the dominant rodent species on landscapes with anthropogenic soils (Table 4) . Results further show that M. natalensis, was also found in relatively high abundance in the Lukozi landscape characterised by intensive cultivation with terracing, miraba farming and anthropogenic soils associated with intensive application of forest soils and farm yard manure (Tables 1 and 2 ). The abundance of M. natalensis, accounted for 93 % of all the captured animals in the studied landscapes with anthropogenic soils. Most fleas were collected in the Lukozi landscape corresponding also to the abundance of small mammals captured in this landscape. A total of 34 rodent fleas belonging to 8 identified species were collected. The two species namely Xenopsylla brasiliensis and Dinopsyllus lypusus, which make up a total of 21 fleas (61 %) of the total collection, were dominant in the two studied landscapes (Table 4) . Plague frequency associated with anthropogenic soils, land use, small mammals and flea abundance Association of plague frequency with anthropogenic soils, land use patterns, small mammals and fleas' abundance is presented in Table 5 . Villages with high plague frequency were observed in Gologolo landscape (Madina and Majengo with PF values > 0.40). Plague frequency for the villages in the Lukozi landscape are relatively lower (PF < 0.33) when compared to Gologolo landscape. Although the number of small mammals in Lukozi landscape is higher than in Gologolo, flea indices portray the opposite picture being higher in Gologolo than Lukozi.
Discussion
It is apparent that the interface between land use pattern and the identified anthropogenic soils is high abundance of small mammals and fleas. Previous studies indicated high abundance of small mammals in the studied landscapes but Gologolo having relatively higher number than Lukozi landscape when not considering other interfaces like anthropogenic soils (Makundi et al., 2003) . The most common small mammals that were reported in these landscapes include Mastomys natalensis, Lophuromys sp and Praomys sp Laudisoit, 2009) . These study areas with anthropogenic soils were dominated by M. natalensis. Other studies reported further that Gologolo landscape had greater number of Mastomys natalensis and Lophuromys sp than Lukozi landscape which is close to Magamba (Laudisoit et al., 2009b) . However, when anthropogenic soils and land use are considered, it appears that M. natalensis and Mus sp are the dominant species associated with these soils and the related land use patterns. (Laudisoit et al., 2007) Long term effect of tillage and soil erosion control structures including grass strips and miraba farming is among the human activities hypothesized to have significantly contributed to the development of human modified soils in the lower slopes of the studied landscapes. On the lower slopes, miraba have resulted into the development of progressive terraces promoted by tillage erosion (Kimaro et al., 2005) . The thick colluvium forming at the lower part of the miraba terrace if a barrier is present is a major cause of many buried original soil surfaces observed in this landscape. The effect of this practice is the development of thick fertile human modified colluvial soil layers with buried original soil profile along the miraba terrace. Also long-term application of forest soils and manure in the vegetable fields cultivated intensively in the valley bottoms of the studied landscapes is a plausible explanation of the observed anthropogenic soils in the valley bottoms of the study area (Msita, 2013) . Generally speaking agricultural fields surrounded by fallow lands provide suitable sites for shelter and breeding for rodents (Mwanjabe, 1993) while plantation forest with crop farming provides both shelter and food resources (Tews et al., 2004) . The grasses grown in miraba have been reported to be a hiding place for pests like rats (Msita et al., 2011) . Miraba could enhance environmental conditions for rodent burrowing and shelter against predators (Brabers, 2012) . As it was observed in the field rodents make routes under miraba grasses for easy engagements and for searching food and water in the lower slopes along the valley bottoms. This explains the relatively high abundance of small mammals in the Lukozi landscape.
The observed variations of flea index among anthropogenic soils and land use types could be attributed to the impact of human activities and land use management practices on flea habitats (Laudisoit et al., 2009a; Hubbart et al., 2011) . It is reported in earlier studies that microclimate affects rodent fleas' abundance and varies according to land use types (Hubbart et al., 2011 ). In the current study, the land use types associated with anthropogenic soils in Gologolo landscape generated higher mean flea index than Lukozi landscape. Lukozi landscape is intensively cultivated through terracing and miraba farming. The lower flea index in the Lukozi landscape could be explained by the effect of tillage of land which destroys surface and subsurface microclimate (Hubbart et al., 2011) which could be disadvantageous to flea survival.
Previous studies show that flea index could be used as a proxy for plague infection risk in many areas including Tanzania (Laudisoit et al., 2007; Pham et al., 2009; Zimba et al., 2011) . In this study high plague frequency was reported corresponding to the observed flea indices (Table 5) . Flea species (Xenopsylla brasiliensis and Dinopsyllus lypusus) reported in this study and which make up 61 % of the total collection have capacity of transmitting Yersinia pestis with different efficacy (Laudisoit, 2009) . Anthropogenic soils are highly fertile soils likely to draw humans into contact with fleas infected with Yersinia pestis. This observation is worth to consider as it provide important implications for plague surveillance in relation to anthropogenic processes and land use patterns in space and time.
This study acknowledges that land use and human activities in the studied landscapes have led to pronounced development of fertile anthropogenic soils which support land use patterns which are potential habitats for rodents and fleas. The study suggests that an important interface exist between land use patterns, anthropogenic soils and plague with small mammals and fleas in the interplay. Furthermore, the study reveals that anthropogenic soils are highly fertile soils likely to draw humans into contact with fleas infected with Yersinia pestis. In this study significant number of flea species capable of transmitting Yersinia pestis was associated with land use patterns on highly fertile anthropogenic soils, suggesting that such an environment could be a potential plague risk environment, hence should be considered during plague surveillance programmes. The study provides important implications for plague surveillance in relation to anthropogenic processes and land use patterns in space and time.
